
FLEXIBLE SUBSTRATE MOUNTED SOLID-STATE LIGHT SOURCES 
FOR EXTERIOR VEHICULAR LIGHTING 
Field of the Invention 

The present invention generally pertains to lighting for use on a vehicle, 
and more specifically, to exterior lighting provided by light emitting diodes 
(LEDs) or other solid-state light sources that are mounted on a flexible substrate, 
for use on the rear and/or the front of a vehicle. 

Background of the Invention 

Exterior lighting for automobiles and other types of motorized and 
non-motorized vehicles typically includes one or more incandescent lamps that 
include a tungsten filament. This filament is turned white hot by an electrical 
current that flows through it. Because such lamps produce considerable heat, they 
typically burn out after only a few hundred hours of use, and are much less 
efficient than other types of light sources. On vehicle tail light and head light 
assemblies, a curved reflective surface is usually included behind the bulb to 
ensure that sufficient light intensity is directed in a desired direction. The 
reflective surfaces for incandescent tail lights, brake lights, and backup lights used 
on the rear of vehicles often require several inches of depth. As a result, the 
lighting assemblies at each side on the rear of a vehicle must intrude into the 
vehicle trunk by the required depth of the assembly and its reflective mounting for 
the incandescent lamps that are used therein. The volume required for the lighting 
assemblies within the trunk is substantial and is unavailable for storing objects 
placed into the trunk. 

Each model of vehicle typically requires a different rear light assembly to 
accommodate the specific shape of the exterior surface in which the rear light 
assemblies are mounted. The colored plastic lenses used for these assemblies are 
relatively expensive, easily broken in even low-speed collisions with objects, and 
expensive to replace. Because each make and model of vehicle typically uses a 
different rear light assembly lens, it is expensive to maintain a stock of these parts 
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and after a few years, they become unavailable from a dealer and can often only 
be obtained from wrecking yards. 

Many of the same problems arise in connection with head lights, running 
lights, parking lights, and turn signals used on the front and sides of vehicles. The 
5 orientation of conventional head lights must be adjusted so that the light they emit 
primarily illuminates the lane of traffic in which the vehicle is traveling, is 
directed downwardly at the road surface, and does not blind drivers of oncoming 
vehicles in an adjacent lane. Improperly adjusted head lights contribute to 
accidents caused by poor illumination of the road surface and/or glare that 

10 distracts a driver of an oncoming vehicle. 

Accordingly, it would be preferable to provide a non-incandescent light 
source that does not use a conventional bulb for exterior vehicle lighting. Such a 
light source should ideally be sufficiently flexible to conform to a curved exterior 
shape of a vehicle, and minimize the need to provide a different assembly for each 

15 different model and make of vehicle. Also, these light sources should not require 
any significant depth, but instead should be mountable on the exterior surface of a 
vehicle, requiring almost no internal volume in the trunk, engine compartment, or 
sidewalls of the vehicle. Light sources should have an expected lifetime of many 
thousands of hours, e.g., for the life of the vehicle. If damaged, these light sources 

20 should be replaceable at relatively low cost. Furthermore, any capability required 
for focusing or directing the light emitted by the sources in a desired direction 
should be included with the light sources and should require little additional 
depth. 

Summary of the Invention 

25 In accord with the present invention, a flexible vehicular lighting assembly 

is defined. The lighting assembly is adapted to mount on and conform to an 
external surface of a vehicle. Depending upon the configuration of the lighting 
assembly, it can provide illumination of a surface over which the vehicle is 
traveling, indicate an intention of a driver to turn the vehicle in a specific 

30 direction, stop the vehicle, and/or provide an indication of a location of the 
vehicle. The lighting assembly includes a flexible substrate having a rear surface 
and a front surface. A plurality of flexible conductive traces are disposed on the 
flexible substrate and are adapted to connect to an electrical system of a vehicle to 
receive an electrical current. In addition, a plurality of solid-state light emitting 

35 devices are mounted in a spaced-apart array on the flexible substrate and are 
electrically connected to the plurality of flexible conductive traces so that these 
sources can be energized by the electrical current, causing the them to emit light. 
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A transparent flexible envelope extends over the plurality of solid-state light 
emitting devices, providing protection against abrasion, but enabling the light 
emitted by the plurality of solid-state light emitting devices to pass" through the 
transparent flexible envelope. The rear surface of the flexible substrate is adapted 
to seat against and conform to an exterior surface of a vehicle. 

Furthermore, in one embodiment, the flexible vehicular light assembly 
preferably includes a plurality of reflective surfaces, each disposed around a 
different one of the plurality of solid-state light emitting devices. These reflective 
surfaces focus the light emitted by the plurality of solid-state light emitting 
devices in a desired direction, away from the front surface of the flexible 
substrate. 

In one embodiment, an adhesive is applied to the rear surface of the 
flexible substrate for use in adhesively attaching the flexible substrate to an 
exterior surface of a vehicle. If desired, the flexible substrate can be attached to 
the vehicle in a shallow recess formed on the outer surface of the vehicle. 

Depending upon the desired application, the plurality of solid-state light 
emitting devices are preferably arrayed in a plurality of groups, and those in each 
group emit light of a different color than the devices in the other groups. For 
example, the solid-state light emitting devices in a first group may emit white 
light, the devices in a second group may emit red light, and those in a third group 
may emit amber light. This type of vehicular light assembly is preferably adapted 
to mount on a rear portion of a vehicle, adjacent to one side, to selectively emit 
the amber light and when periodically energized (blinking), indicating a direction 
in which the vehicle will turn, the red light being emitted for indicating that the 
vehicle is slowing, and the white light to illuminate a ground surface over which 
the vehicle is backing. 

In another. configuration, the plurality of light emitting devices emit white 
light, and the flexible vehicular light assembly is adapted to be mounted on a front 
exterior surface of a vehicle, to illuminate a surface over which the vehicle may 
advance. 

Another preferred form of the flexible vehicular light assembly further 
includes a totally internally reflective (TIR) lens for each of the plurality of 
solid-state light emitting devices. The TIR lenses focus the light emitted by the 
plurality of solid-state light emitting devices away from the front surface, in a 
desired direction. Yet another embodiment includes a TIR lens that covers a 
plurality of the solid-state light emitting devices and focuses the light that they 
emit in a desired direction. 
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Brief Description of the Drawing Figures 



The foregoing aspects and many of the attendant advantages of this 
invention will become more readily appreciated as the same becomes better 
understood by reference to the following detailed description, when taken in 
conjunction with the accompanying drawings, wherein: 

FIGURE 1 is an isometric view of a left rear portion of a vehicle, such as 
an automobile, showing a plurality of solid-state light sources mounted on a 
flexible substrate in accord with the present invention, being used as a tail light 
assembly that produces different colors of light; 

FIGURE 2 is front elevational view showing the tail light assembly of 
FIGURE 1; 

FIGURE 3 is a top plan view of the tail assembly showing a first 
embodiment of a connection for electrically coupling the tail assembly to a 
vehicle electrical wiring system; 

FIGURE 4 is a top plan view of the tail assembly showing a plurality of 
connector pins usable for electrically coupling the tail assembly to a vehicle 
electrical wiring system; 

FIGURE 5 is a top plan view of the tail assembly showing a plurality of 
connector contacts usable for electrically coupling the tail assembly to a vehicle 
electrical wiring system; 

FIGURE 6 is an enlarged cross-sectional view of the tail assembly of 
FIGURE 4; 

FIGURE 7 is a front elevational view of a vehicle that includes a light bar, 
head lights, and side running lights in accord with the present invention; 

FIGURE 8 is a cross-sectional view of a head light showing a totally 
internally reflecting (TIR) lens used for focusing the light emitted by the plurality 
of solid-state light sources; 

FIGURE 9 is a cross-sectional view of a row of solid-state light sources, 
showing a TIR lens on each light source; 

FIGURE 10 is an enlarged cross-sectional view of a "high beam" 
solid-state light source and a "low beam" solid-state light source as used in the 
head light; 

FIGURE 1 1 is a plan view of a flexible substrate, showing conductive 
traces applied thereto; 

FIGURE 12 is a front elevational view of a light bar that includes 
alternating rows of infrared emitting LEDs and yellow light emitting LEDs; 
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FIGURE 13 is a side elevational view of a bicycle having a head light and 
a tail light that each include a plurality of solid-state light sources mounted on a 
flexible substrate; 

FIGURE 14 is a side elevational view of a first approach for connecting 
solid-state light sources to conductive traces formed on a substrate; 

FIGURE 15 is a side elevational view of a second approach for connecting 
solid-state light sources to conductive traces, including one trace that is disposed 
inside the flexible substrate; 

FIGURE 16 is a side elevational view of a third approach for connecting 
solid-state light sources to conductive traces, where both conductive traces are 
disposed inside the flexible substrate; and 

FIGURE 17 is an enlarged isometric view of a portion of the flexible 
substrate and one light source, for the approach shown in FIGURE 15. 

Description of the Preferred Embodiment 

As shown in an exemplary application illustrated in FIGURE 1, the 
present invention is configured as a tail light assembly 30, which is mounted on a 
vehicle left rear end 20. While many other configurations are possible, for use 
with the various brands and models of vehicles that change periodically, 
FIGURE 1 illustrates only an exemplary application of the present invention. 
Shown in this Figure are a left rear surface 22 of the vehicle, portions of a left rear 
quarter panel side surface 24, a left rear quarter panel top surface 26, and a portion 
of a trunk lid 28. 

Tail light assembly 30 is attached to left rear surface 22 and wraps around 
a curved defined between that surface onto left rear quarter panel side surface 24. 
The tail light assembly includes a flexible substrate 32 on which are mounted a 
plurality of light emitting devices grouped together on the basis of the color of 
light that they emit. Thus, in this example, a group 34 of the light emitting 
devices emit white light and are energized when the vehicle is backing up, to 
illuminate the surface over which the vehicle is backing. A group 36 of the light 
emitting devices that emit red light are energized each time that a brake pedal (not 
shown) within the vehicle is depressed to slow or stop the vehicle. Finally, a 
group 38 of the light emitting devices that produce amber light are energized as 
running lights to show the location of the vehicle and are caused to periodically 
flash on and off or blink when the user operates a turn signal lever (not shown) to 
indicate that the vehicle is going to be driven in a left turn. Further, group 38 of 
the light emitting devices is energized in a periodic flashing pattern if an 
emergency flasher switch (not shown) is activated by the operator of the vehicle. 
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Each of the groups of light emitting devices noted above preferably 
comprises a plurality of light emitting diodes (LEDs) that is selectively energized 
by application of an electrical current provided by the electrical system on the 
vehicle. To protect the groups of light emitting devices from abrasion and other 
adverse consequences arising from exposure to the environment, an optically 
transparent cover 40 is secured over the tail light assembly so that the cover is 
almost flush with the tops of the light emitting devices. Cover 40 is also relatively 
flexible and is preferably fabricated from a polymeric plastic having suitable 
optical properties. It is also contemplated that the different groups of light 
emitting devices producing only white light could alternatively be used and where 
each different group is shown in FIGURE 1 , an appropriate coloring can be 
included within the flexible cover so that light of the appropriate color, i.e. white, 
red, and amber, will be emitted from the tail light assembly when the 
corresponding group of light emitting devices is energized. A disadvantage to 
coloring different portions of cover 40 to achieve the desired color for each group 
of light emitting devices is that the overall cost of the tail light assembly will be 
somewhat greater. Although LEDs are used for the light emitting devices in the 
preferred embodiment, it will be understood by those of ordinary skill in the art 
that laser diodes and other solid-state light emitting devices can alternatively be 
used. 

An important benefit of the present invention is its ability to conform to an 
exterior surface of a vehicle as shown in FIGURE 1. Preferably, a shallow 
recess 43 is optionally provided in the exterior surface of the vehicle to define the 
disposition of tail light assembly 30, and the recess need be only a few millimeters 
in depth. Use of such a relatively shallow recess will enable the outer surface of 
the optically transparent cover to be substantially flush with the exterior surface of 
the vehicle. However, due to the relative thinness of the tail light assembly, it can 
alternatively be applied to a non-recessed portion of the exterior surface of the 
vehicle. In any case, tail light assembly 30 does not require any internal space 
within the trunk, as do conventional tail light assemblies that include incandescent 
bulbs mounted in reflector assemblies. 

FIGURE 2 illustrates tail light assembly 30 before it is conformed to fit 
around the left rear corner of the vehicle. As shown in this Figure and also in 
FIGURES 3 though 6, the flexible substrate 32 is generally planar before it is 
applied to and conformed around the exterior surface of the vehicle. Due to its 
inherent flexibility, since it is made of a flexible polymer, the flexible substrate 
and the tail light assembly in which it is included are able to readily bend around 
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even relatively sharp corners on the exterior surface of the vehicle, readily 
conforming to non-planar configurations of such a surface. 

FIGURES 3 though 5 illustrate three different embodiments for coupling 
tail light assembly 30 to the electrical system of the vehicle. Also, these Figures 
5 illustrate the relative thinness of the tail light assembly 30, and of corresponding 
tail light assemblies 30' and 30". With reference to FIGURE 3, the different 
groups of light emitting devices are coupled to the vehicle electrical system 
through leads 42, which terminate in a connector 44. Connector 44 is intended to 
couple with a corresponding mating connector (not shown) on the wiring harness 

10 provided on vehicle 30, and would typically be disposed inside the trunk of the 
vehicle, behind internal trim surfaces (not shown) of the trunk. 

In FIGURE 4, tail light assembly 30* is provided with four connector 
pins 46 that are adapted to mate with a corresponding female connector that would 
be mounted within the trunk of the vehicle, behind the internal trim surface. 

1 5 Connector pins 46 are intended to extend through a slot or corresponding 
spaced-apart apertures (neither shown) provided in the sheet metal exterior 
surface of the vehicle at the point where the connector pins are disposed. 
Connector pins 46 may optionally be provided with an insulating collar (not 
shown) to prevent them from electrically shorting by contact with this sheet metal. 

20 Finally, in FIGURE 5, tail light assembly 30" includes a plurality of electrical 
contacts 48 that form an electrical connection with corresponding contacts (not 
shown) that would be provided in a fixed electrical termination exposed in the 
center of a slot in the sheet metal of the exterior surface of the vehicle so that the 
three different groups of solid-state light emitting devices can be energized with 

25 the electrical current supplied by the electrical system of the vehicle. Of the three 
different embodiments shown for coupling the tail light assembly to the electrical 
system, FIGURE 3 represents the most preferred embodiment, since by using this 
embodiment when mounting the tail light assembly to the vehicle, there is little 
need for alignment of the connector pins shown in FIGURE 4 or of the contacts 

30 shown in FIGURE 5 with a corresponding connector or contacts on the vehicle. 
Each of the other exterior light assemblies disclosed below are also prospectively 
coupled to the electrical system of a vehicle using any of the three different 
approaches shown in FIGURES 3 through 5, or other suitable electrical 
connections. 

35 Referring now to FIGURE 6, tail light assembly 30' is illustrated. In this 

view, an adhesive layer 50 applied to the rear surface of flexible substrate 32 is 
evident. Also illustrated in FIGURE 6 is an internal flexible conductive trace 52 
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and a plurality of vias 54 that are used for connecting each of a plurality 
solid-state light emitting devices 38 to internal flexible conductive trace 52. 
Further details of the electrical connection used in several different embodiments 
of the present invention for connecting each of the light emitting devices to a 
5 corresponding flexible electrical trace either on the surface of or internally within 
flexible substrate 32 are discussed below. 

FIGURE 7 illustrates a vehicle 60 having a front end 62 on which several 
other examples for applications of the present invention are illustrated. A front 
bumper 64 includes a light bar 66 that extends around the curve of the bumper. 

10 Light bar 66 includes a flexible substrate 68 on which are mounted a plurality of 
light emitting devices 70. The light emitting devices are protected by an optically 
transparent flexible cover 72 that is fitted over flexible substrate 68. It should also 
be noted that light bar 66 could alternatively be located at other locations on 
front 62 of vehicle 60. For example, light bar 66 be disposed either in the front 

15 grill of the vehicle or below the grill. 

Light bar 66 can be used either as an auxiliary light source for illuminating 
the roadway under foggy conditions. Alternatively, light bar 66 can be used in 
place of two conventional low beam headlamps, to illuminate the road surface 
over which vehicle 60 is traveling in a forward direction. 

20 Also provided are a pair of turn signal flexible substrates 74 on which are 

disposed a plurality of solid-state light emitting devices 76 in spaced-apart array. 
Solid-state light emitting devices 76 preferably emit amber light and can be used 
to indicate a direction of an intended turn when energized in response to the 
operator of the vehicle actuating a turn signal switch lever, or in response to an 

25 emergency signal switch being actuated, and thereby caused to flash or blink in a 
periodic manner. A flexible optically transparent cover 78 is provided to protect 
the plurality of solid-state light emitting devices 76. Preferably, vehicle 60 also 
includes a pair of head light flexible substrates 80 mounted on the exterior 
surface, at opposite sides of front 62. A plurality of spaced-apart solid-state light 

30 emitting devices 84 and 94 are provided in alternating rows on flexible head lights 
substrate 82 for use in respectively producing a high beam illumination and a low 
beam illumination of the road surface. Solid-state light emitting devices 84 and 
94 are separately selectively activated with an electrical current provided by the 
electrical system of vehicle 60. A flexible optically transparent cover 82 is 

35 applied over headlamp flexible substrate 80 to protect the solid-state light emitting 
devices mounted thereon. 



1 
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At each side of front 62 are disposed a flexible driving light substrate 56 
on which are mounted a plurality of solid-state light emitting devices 58. These 
solid-state light emitting devices are energized to indicate the location of the 
vehicle while it is parked or for use as running lights. Typically, solid-state light 
5 emitting devices 58 emit amber light, but can instead be white light emitting 
solid-state devices that transmit light through an appropriately colored cover (not 
shown) to provided the desired amber colored light. 

FIGURE 8 illustrates a headlamp assembly 8 1 that includes a plurality of 
solid-state light emitting devices 84' that are intended to provide only high beam 

10 illumination, in the event that light bar 66 is used to provide the low beam 
illumination of the driving surface. To provide a directional control for focusing 
the light emitted by solid-state light emitting devices 84', a totally internally 
reflecting (TIR) lens 88 is applied in front of the solid-state light emitting devices. 
TIR lens 88 includes a plurality of annular ridges 90 on its interior surface, 

15 extending around a central convex lens 92. TIR lenses 88 are well-known to those 
of ordinary skill in the art, and are described in detail in U.S. Patent 
No. 5,404,869, the description and drawings of which are hereby specifically 
incorporated herein by reference. TIR lens 88 enables the light emitted to be 
focused and directed as desired, creating a light intensity pattern that conforms to 

20 the requirements for the spread and aiming of high beam headlamps on vehicles. 
TIR lens 88 is held in place by an annular support bracket 86 that surrounds the 
perimeter of a flexible substrate 80'. It will be understood that head lamp 
assembly 81 would be used in place of the headlamp shown in FIGURE 7 in the 
event that light bar 66 provides low beam illumination of the road surface. 

25 With reference to FIGURE 9, further details of the head lamp assembly 

shown in FIGURE 7 are illustrated. In contrast to the embodiment shown in 
FIGURE 8, flexible substrate 80 in FIGURE 9 includes alternating rows of light 
emitting devices 84 that are angled straight ahead to provide the high beam 
illumination and light emitting devices 94 that are angled downwardly to produce 

30 the low beam illumination of the road surface. Further, unlike FIGURE 8 which 
includes a single TIR lens 88 covering all of the plurality of light emitting devices, 
in FIGURE 9, each light emitting device includes its own TIR lens 100, further 
details of which are illustrated in FIGURE 10. 

As shown in FIGURE 10, long conductive supports 96 are provided on the 

35 top portion of light emitting devices 94 and are substantially longer than short 
conductive supports 98, which are provided on the bottom portion of these light 
emitting devices. Each long conductive support 96 is electrically terminated at an 
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internal flexible conductive trace 102 that runs through the interior of flexible 
substrate 80. A flexible conductive trace (not shown) is also included on the outer 
surface of flexible substrate 80 to provide an electrical path for electrical current 
flowing to light emitting devices 94 through short conductive support 98. Light 
emitting devices 84 include short conductive support 98 on their lower side and an 
intermediate length conductive support 104 on their upper side, which is also 
coupled to internal flexible trace 102. As will be apparent from FIGURE 10, the 
light emitted by light emitting devices 94 is focused downwardly by TIR lens 100, 
while the light emitted by light emitting devices 84 is directed at a more elevated 
focal point. FIGURE 9 illustrates further details of optically transparent flexible 
cover 82, which covers the plurality of light emitting devices mounted on flexible 
substrate 80. 

FIGURE 11 illustrates two flexible conductive traces 140 and 142 that are 
applied to flexible substrate 68 for use in providing electrical power to the array of 
light emitting devices used in light bar 66 (as shown in FIGURE 7). In the 
embodiment shown in FIGURE 11, each light emitting device is mounted so that 
one electrical terminal is soldered or connected with a conductive epoxy to either 
flexible conductive trace 140 or flexible conductive trace 142, and so that the 
other electrical terminal of the light emitting device is electrically connected to the 
other of the two flexible conductive traces. A flexible lead 148 is secured to 
flexible conductive trace 142 by a solder/conductive epoxy drop 144, while a 
flexible conductive lead 150 is secured to flexible conductive trace 140 by a 
solder/conductive epoxy drop 146. Flexible lead 150 is preferably connected to 
the vehicle ground or chassis. 

In FIGURE 12, an alternative arrangement for a light bar 66' includes 
alternating rows of infrared LEDs 130 and yellow LEDs 132. These infrared and 
yellow LEDs are mounted on flexible substrate 68 and are coupled to flexible 
traces (not shown in the Figure) that are separately selectively energized so that 
either infrared light, yellow light, or both infrared and yellow light are emitted by 
light bar 66'. By energizing infrared LEDs 130 on light bar 66', the driving 
surface and objects in front of the vehicle can be illuminated with infrared light so 
that they are visible using appropriate infrared detection equipment in fog or other 
low visibility ambient conditions. The yellow light emitted by LEDs 132 on light 
bar 66' can also be useful in providing better illumination during foggy conditions, 
when yellow light is more readily visible and provides better visibility of the road 
and objects in the path of the vehicle. Although not shown, a display screen 
inside vehicle 60 could be employed for viewing objects detected by an infrared 
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sensor. A suitable infrared detector would be a charge-coupled device (CCD) 
array. The display would provide the driver of the vehicle with a view of objects 
in the path of the vehicle that would otherwise not be visible in fog or other poor 
visibility ambient conditions. 

Use of the Present Invention with Other Types of Vehicles 

It should be emphasized that in addition to vehicles such as automobiles, 
the present invention is also applicable in providing exterior lighting for other 
motorized and non-motorized vehicles, including snowmobiles, motorcycles, 
bicycles, etc. For example, as shown in FIGURE 13, a bicycle 106 includes a 
flexible substrate 108 in which a plurality of light emitting devices 110 are 
mounted in spaced-apart array to serve as a head light that is slightly curved to 
illuminate a wider path in the direction of travel by the bicycle. Flexible 
substrate 108 is supported by a bracket 1 14, which is attached to the stem of the 
bicycle handlebars. Also included on bicycle 106 is a flexible substrate 122 that 
includes light emitting devices 125, which emit red light, as appropriate for a tail 
light. Flexible substrate 122 is attached to and supported by a curved rear 
support 126, which enables the red light to be visible from the sides of the bicycle 
as well as the rear. Electrical current is supplied from a battery pack 116 to 
energize light emitting devices 1 10 through leads 120. Similarly, leads 124 
convey electrical current from battery pack 1 16 to light emitting devices 125. A 
switch 1 18 on the side of battery pack 1 16 is used for controlling activation of the 
light emitting devices on flexible substrate 108 and on flexible substrate 122. 

Although many other configurations of leads and conductive traces can be 
used for electrically connecting light emitting devices to flexible conductive traces 
disposed on the surface or internally in a flexible substrate, FIGURES 14 
through 17 illustrate several preferred embodiments of such configurations. 
FIGURE 14 illustrates light bar 66, which includes flexible conductive traces 140 
and 142 running parallel along the outer surface of flexible substrate 68, as 
described above. Each light emitting device 70 includes a fly wire 160 that 
extends from the top electrical terminal of each light emitting device to a 
solder/conductive epoxy connection 162 on flexible conductive trace 142. 
Furthermore, the other electrical terminal, which is disposed on the side of light 
emitting device 70, is connected to each of the flexible conductive traces 140 with 
a droplet of solder/conductive epoxy 164. It will be understood that other types of 
electrically conductive bonding material can alternatively be used for electrically 
connecting any of the light emitting devices to any of the flexible conductive 
traces discussed herein. 
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In FIGURE 15, a light bar 170 also includes flexible conductive traces 140 
that extend along the outer surface of a flexible substrate 178. However, flexible 
substrate 170 includes internally disposed flexible conductive traces 174 that 
extend parallel to flexible conductive traces 140, but at an intermediate depth 
within the flexible substrate. Fly wires 172 extend from the top electrical terminal 
of each light emitting device 70 through a via 176 to connect to one of internally 
disposed flexible conductive traces 174. The side electrical terminals on the light 
emitting devices are electrically connected to flexible conductive traces 140, as 
described above in connection with FIGURE 14. Further details of light bar 170 
are shown in FIGURE 17. As will be evident therein, fly wire 172 is connected to 
the top electrical terminal of light emitting device 170 by a droplet of 
solder/connective epoxy 192. The other end of fly wire 172 is connected to 
internally disposed flexible conductive trace 174 with a droplet of 
solder/conductive epoxy 190. 

FIGURE 16 illustrates a third configuration in which a light bar 180 
includes a flexible substrate 188 in which are disposed a plurality of 
parallel-extending internally disposed flexible conductive traces 174 and 184. 
Vias 176 provide access to internally disposed flexible conductive traces 174, 
while vias 186 provide access to internally disposed flexible conductive 
traces 184. As was the case in the embodiment shown in FIGURE 15, light 
bar 180 includes fly wires 172 that extend between the top electrical terminal on 
light emitting devices 70 and internally disposed flexible conductive traces 174. 
Similarly, fly wires 182 extend from the side electrical terminals on light emitting 
devices 70 through vias 186 to electrically connect with internal flexible 
conductive traces 184. 

Clearly, if other types of light emitting devices are used that include 
electrical terminals in different dispositions than those shown in FIGURES 14 
through 17, appropriate changes to the connection of the light emitting devices to 
the flexible conductive traces used on the flexible substrate must be employed, as 
will be well understood by those of ordinary skill in the art. 

Although the present invention has been described in connection with the 
preferred form of practicing it, those of ordinary skill in the art will understand 
that many modifications can be made thereto within the scope of the claims that 
follow. Accordingly, it is not intended that the scope of the invention in any way 
be limited by the above description, but instead be determined entirely by 
reference to the claims that follow. 
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